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[bookmark: _Toc184669248][bookmark: _Toc184669286][bookmark: _Toc185168724]Introduction
This technical report outlines the processes of conducting finite element analysis on a vehicle piston. An assembly including crankshaft, connecting rod, gudgeon pin, and piston will be analysed in ANSYS 2023 R2 Workbench using multiple simulations to complete combined runs, simulating realistic operating conditions.
Aims of this study are to demonstrate a good understanding of CAE process and discussing the limitations involved. Validation processes are also considered followed by the improvement of the performance of a piston, considering the stress/ deformation, while optimizing mass. Differences will be analysed for 3 different aluminium alloys. 


[bookmark: _Toc185168725]Background Information 
[bookmark: _Toc185168726]Piston Material 
[bookmark: _Toc185168727]Aluminium 6061-T6
Overview
A popular aluminium alloy renowned for its strength, corrosion resistance, and lightweight properties.  6061-T6 ‘is a precipitation-hardened aluminium. Precipitation hardening uses high temperatures to increase the yield strength of aluminium, lowering the plasticity and hardening aluminium into 6061-T6.  6061-T6 has a density of 2.70 g/cm³ and is remarkably pure, with aluminium making up 95.85%–98.56% total.’ (Aerocom Metals, 2021).
Technical Specification 
Material property information is sourced from Ansys Granta, a materials database that outlines all relevant material information required for engineers. Information is easily transferable to other Ansys software’s which makes it an ideal database to be drawing information from. 
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Figure 1- Aluminium 6061 material properties
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Figure 2-Aluminium 6061 Material Properties
[bookmark: _Toc185168728]Alternatives
For pistons, the two primary options are available, cast or forged. Figure 3 outlines the key differences and how their properties differ.
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Figure 3- material properties of aluminium alloys with changing silicone levels (Acosta. G, 2021)
Aluminium 390-T6 Cast
A high silicone alloy primarily used in applications requiring excellent wear resistance, thermal stability, and strength. These properties are ideal for applications of engine components, it has a greater Youngs Modulus the 6061-T6 and a lower thermal conductivity. Silicone content is 16-18% compared to less than 1% in 6061-T6, this helps to ‘decrease coefficient of thermal expansion and density’ together with ‘Increased wear resistance’ (Aluminium, 2023).
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Figure 4-Aluminium A390 Material Properties



Aluminium 2618 Forged
A forged alternative, which has a high strength to weight ratio and is a heat-resistant alloy with excellent dimensional stability. Making it suitable for motorsport and high-performance automotive applications. Youngs Modulus sits between 6061 and 390 at 76Gpa. Compared to 390 (82Gpa) and 6061 (70Gpa).
[image: A screenshot of a table
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Figure 5- Aluminium 2618 Material Properties

Piston Coatings
[image: A broken propeller on a surface

Description automatically generated with medium confidence]Initially introduced to help break in engines, coatings have developed to become much more than that. In modern technology, coatings are used to improve multiple properties such as reducing friction/ abrasion. Coatings are also used to ‘allow for a zero-clearance assembly’ where ‘the coating lap itself against the cylinder walls to create exactly the amount of piston-to-wall clearance the piston needs.’ (Acosta. H, 2021). Moreover, heat resistant coating can be applied to reduce thermal destruction as shown in figure 6.Figure 6- Coated(left) vs Uncoated(right) Piston Under Thermal Conditions

Without Coating
With Coating

[bookmark: _Toc185168729]Validation
FEA processes must be validated to prove the accuracy of this study. To validate thermal conditions, a bimetallic strip is used to assess total deformation at a given temperature. Static structural will be validated with a cantilever beam, finding stress and deformation alongside the analytical methods calculating these values to verify accuracy.
[bookmark: _Toc185168730]Thermal Condition 
A bimetallic strip is composed of invar and copper. ‘The left end of the bimetallic strip is fixed, and the right end is free, loaded by temperature difference Tc’ (Dlubal, 2018). This will be validated against the analytical method to calculate maximum deflection; changes can be made such as mesh size to improve accuracy which has been investigated, as shown in figure 11. Reducing the difference between simulation value and Analytical method.
[image: A grey and white rectangular object with letters
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Figure 7-Diagram of Bimetallic Strip
[bookmark: _Toc185168731]Analytical Method
To calculate maximum deflection, the following equation is used:

All components above are given other than constant  which can be calculated from the following equation:





Input Values:
[image: A table of calculations
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Figure 8- Validation Input Values





[bookmark: _Toc185168732]Static Structural Result
[image: A blue and green line
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Figure 9-post-processing image of Bimetallic Strip Deflection
· [image: A colorful rectangular numbers with black text

Description automatically generated with medium confidence]Analytical Method deflection= 7.05mm
· Static Structural= 7.12mm
· Percentage difference= 0.99%
· difference in values between analytical methods and simulation result is under 1%, showing strong correlation. Therefore validating the thermal conditions to give accurate values. 
[bookmark: _Toc185168733]Mesh Independence StudyFigure 10-Contours of deflection

[image: ]Table 1-mesh sizing/ number for figure 11

Figure 11-Deflection for different mesh sizes
 
The largest possible mesh size to get output values for this component was 0.0025m, 10x less that the largest mesh value used for the cantilever beam. It can be observed that there is a minimal change in accuracy across all meshing sizes with all deflections have approximately a 1% difference. A run was also attempted at a 0.0005m mesh which failed to give results. 
[bookmark: _Toc185168734]Static Structural 
For this study, a cantilever beam with a uniform load will be used to calculate deformation and stress.
[image: A diagram of a line with arrows
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Figure 12-Diagram of Cantilever Beam
[bookmark: _Toc185168735]Analytical Methods 
The first stage is to calculate deformation. 

Input Values:
[image: A table with text and numbers
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Figure 13-Validation Input Values


Next, stress must be calculated using the equation.

first, M and Z must be calculated, starting with calculating maximum moment (M)
                               

Both I and  must be calculated first. 
                                       


 can then be calculated.

Now.

Next, maximum moment of inertia can be calculated.

Now all values have been calculated, a result can be found.

[bookmark: _Toc185168736]Static Structural Result 
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Figure 14-Cantileaver Beam Stress Post Processing Result
· [image: A screenshot of a computer
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Description automatically generated]Analytical Method stress result=0.3306 Gpa
· Static Structural stress result=0.33 Gpa
· Percentage difference= 0.2%
· Very strong correlation, validating the accuracy or the static structural study. Figure 15-Deflection Contours
Figure 16-Stress Contours



[bookmark: _Toc185168737][image: ]Mesh Independence Study Table 2-Mesh sizes for figure 17

[bookmark: _Toc185168738]Figure 17-Deflection/ Stress with Different Mesh Sizes





For deflection, mesh size does not make a significant difference from a 0.025m mesh downwards shown by the flat line on the graph, whereas stress is most accurate with a 0.001 mesh. Where possible, 0.001m will be used to produce the most accurate stresses possible. Any smaller than this and meshing time will be too long, experienced when doing the mesh study on the bimetallic strip. It was also possible to mesh this component at a much higher mesh size.

[bookmark: _Toc185168739]Methodology
[bookmark: _Toc185168740]Engineering Data
The first stage of running combined simulation studies is to import engineering data as a standalone system. Allowing material data to be attached for different solver types instead of having to update materials at each stage.
 Ansys Granta is used to import material data, shown in figure 18 data can be exported from Granta as an XML file. This can then be easily imported into engineering materials shown in figure 19. 
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Description automatically generated]Figure 18- Ansys Grata, Exporting Material Data

Figure 19-Import Engineering Data Selection, 
Engineering Materials



[bookmark: _Toc185168741]Rigid Dynamics
The first simulation to run is the rigid dynamics, giving motion load outputs which will be used in the final static structural study.
1. Import Geometry: The first step is to import geometry. For rigid dynamics is important to import a STP file to avoid errors in the simulation.
2. Select Material: For this study the piston is the focus and is the only material that will be changed, the piston must be selected where the aluminium alloy can then be selected, shown in figure 21. It is important to check that all geometries are rigid bodies for this area of the study.
[image: A diagram of a piston
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Description automatically generated]Figure 20-Localised Coordinate System
Figure 21-Material Selection, Rigid Dynamics





3. Connections: Connections can be made in the form of joints. Initially, original connections must be removed, it is important to note that generating automatic connections on refresh must be turned off, so the removed connections do not re appear when reloading the simulation. 
Two types of joints will be used.
a. Revolute- ‘A revolute joint allows one relative rotation between two bodies, constrains all three relative translations, as well as the other two relative rotations’ (Anon, 2023). Revolute joints are as follows. 
i. Body-to-Body, Piston-to-Gudgeon Pin.
ii. Body-to-Body, Gudgeon Pin-to-Connecting Rod
iii. Body-to-Body, Connecting Rod-to-Crankshaft
iv. Body-to-Ground, Crankshaft-to-Ground
b. General- A general joint gives the user the power to control translation, relative to that component’s individual axis. In this case the piston wants to stay upright, so it can only move up and down, therefore piston must be free in Z only, shown in the component axis in figure 20.
i. Body-to-Ground, Piston-to-Ground
4. Analysis Settings- Before the simulation can be solved the Analysis settings must be adjusted, shown in figure 22, step end time can be adjusted to 0.1s with a time step of 0.0001s. Considering the engine will be running at 4000rpm, these input values will give a full set of outputs with 1000 recorded values within that time span.

[image: A screenshot of a computer
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Description automatically generated]A load must then be inputted which can be done by dragging the crankshaft to ground joint into the transient section to create a joint load. Inputs into this joint load are shown in figure 24.Figure 22-Analysis Settings
Figure 23-Joint Probe Output
Figure 24-Joint Load Inputs


5. Solution- Here, the focus is on the loads seen between the piston and Gudgeon pin. The Piston-to-Gudgeon Pin joint can be dragged and dropped onto the solution tab. This will create a joint probe which will record total force throughout the run.
Once the solution is run, outputs can be observed. 
Figure 23 shows the output graph of the joint probe as well as the highlighted maximum force value at step 601. To extract this data, it must be written into the joint probe by extracting one specific value (step 601), it can then be exported to files where it can then be imported over to static structural later. 

[bookmark: _Toc185168742]Static Structural (Pt. 1)
[image: A screenshot of a computer program

Description automatically generated]It is important to ensure connections are correct when attaching the static structural component to the study, figure 25 shows the links required between rigid dynamics and static structural. Figure 25-Workflow Setup

Setup is as follows.
1. Geometry- The only focus is on the piston; therefore all other bodies must be suppressed. The piston must then be set to flexible as the objective is to analyse deformation and material should be checked to ensure it is correct.
2. Import Motion Loads- To insert the motion loads, select the static structural tab and motion load can be selected, shown in figure 26. Retrieve the data saved from rigid dynamics and import. 
[image: A screenshot of a computer

Description automatically generated]Figure 26-Static Structural Motion Loads Import








[bookmark: _Toc185168743]Steady State Thermal (SST)
 Steady state thermal must be completed to assess thermal loads experienced on the piston. 
1. [image: A screenshot of a computer

Description automatically generated]Apply SST to workflow- Insert the SST as a standalone system. Engineering data and geometry can be dragged down from rigid dynamics to link the inputs, shown in figure 27. Figure 27-SST Workflow

2. Geometry-Again, in this stage, the only component of interest is the piston. All other components should be supressed, piston material information should be checked and made flexible.
3. Mesh- A mesh must now be created. The smaller the mesh, generally the more accurate the output values are, but we can’t just apply an infinitely small mesh due to the solving time. 
For this study, the primary mesh will have an element size of 0.0025m. This gives a good overall mesh but an additional mesh of 0.001m is added to the piston crown as this is where pressure is applied to and where temperature is greatest, an additional mesh is created through face sizing within the mesh tab. Figure 29 shows the final mesh of the piston.
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Description automatically generated]Figure 28-Piston Thermal Property Data

Figure 29- Piston Mesh
 

4. Building Boundary Conditions-At this point, thermal data from the piston thermal study boundary conditions shown in figure 28 must be applied. Each selection must have an individual convection with the figures from figure 28 attached where Heat Transfer Coefficient is the Film Coefficient. Once [image: A computer screen shot of a computer screen

Description automatically generated]complete, SST should look like figure 30 below.Figure 30-Applied Convection to Piston


5.  Solution Output-The only value of interest here is temperature, in the solution tab, a temperature probe can be applied. The simulation can then be solved with the outputs shown in figures 31 and 33. Once complete SST can be closed.
[image: A rainbow colored object with holes
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Description automatically generated]Figure 31-Offset Bottom View Piston Temperature
Figure 32-Temperature Contours

Figure 33-Offset Top View Piston Temperature
 


[bookmark: _Toc185168744]Static Structural (Pt.2)
With Steady State thermal complete, output solution must now be linked to static structural to combine output values. 
1. [image: A screenshot of a computer

Description automatically generated]Connect The Workflow- Drag solution from the SST onto the setup of the static structural, the full formation of the workflow is then complete and is represented in figure 34.Figure 34-Complete Workflow Template

2. Check Geometry-Make sure geometry is still only showing the piston and that it is flexible and the correct material.
3. Mesh- here, the same process is repeated as stage 3 of the SST. With primary mesh being 0.0025m and piston crown mesh being 0.001m. 
4. Apply Supports- If the model is run at this point, an error will occur stating ‘An internal magnitude limit was exceeded’ meaning the model has insufficient supports. One option is to add weak springs which allows deformation but provides support so the piston will stay in place, unfortunately for application on this piston, Ansys will not complete the simulation meaning a fixed support must be used instead. 

[image: A 3d model of an object

Description automatically generated]Although this is one of the major limitations to the accuracy of output values, the inaccuracy can be limited by applying the fixed support to the bottom half of the piston pin boss shown in figure 35. When there is pressure on the piston crown the piston will be pushing down against the gudgeon pin, when doing so, deformation will occur on the top half of the piston pin boss, by applying the fixed support to the lower half this deformation will still be present.Figure 35-Application of Fixed Supports

5. Apply Pressure-The final step before completing the final simulation is to add a pressure, simulating combustion in the chamber. The provided piston is from a ford sigma, pressure at 4000RPM was found to be 67.715 bar (67.715e05 pa). This is the pressure to be applied to the piston crown.
6. Solution Output- Now setup is complete, total deformation and equivalent stress can be applied, and the simulation can be solved. 
[image: A colorful circular object with a blue background
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Figure 37-Piston Deflection
Figure 38-Deflection Contours
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Figure 40-Piston Stress
Figure 41-Piston Stress


	
These are the results off the baseline run using Aluminium 6061-T6 at 4000RPM with 67.715 Bar of pressure. 

[bookmark: _Toc185168745]Limitations
‘While CAE offers an array of advantages, there are some who believe that accurate results only emerge later in a product design cycle, making it difficult to drive the design of more complex parts. However, CAE software companies are constantly developing tools and process improvements to address this challenge.’ (TWI, 2023). These inaccuracies are cause by the need to simplify bodies, forces or models to get output results.
[bookmark: _Toc185168746]Rigid Dynamics
In rigid dynamics, calculating for outputs such as deformation, stress and strain have a large computational cost. Therefore, to reduce simulation time, bodies are set to rigid. Although this is not exactly accurate, the small deformations experienced would influence motion load but is not significant enough to outweigh the time saved by doing this, shown in table 3. The limitations of rigid dynamics are much greater when being used as a complete study, it cannot provide insight into stress or strain distribution. This is why static structural is bought in to analyse the forces produced from the rigid dynamics to give stress outputs, this also has its limitations.  
Table 3-Computational processing Time for Rigid Dynamics
[image: A table with numbers and text
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An alternative to rigid dynamics could be Elastic Dynamics, which includes deformation, stress and strain. 
[bookmark: _Toc185168747]Steady State Thermal 
SST is an effective method for analysing systems in thermal equilibrium, but has several limitations, particularly when dealing with dynamic thermal environments experienced in an engine cylinder. The key limitations are:
· No time dependant effects- Unable to model transient effects such as engine heating up due to heavy use of its warmup cycle. 
· Inability to model heat storage 
· Simplified assumptions on heat transfer- materials with temperature dependant properties are inaccurately represented. 
· Assume constant convection
An alternative for this stage would be to use transient thermal analysis. 
[bookmark: _Toc185168748]Static Structural
In this study static structural is used to analyse motion loads of the piston at its maximum alongside an imported body temperature. The first, and most obvious limitation is that you only get outputs for one selected time step, for a comprehensive analysis, stress/ deformation would be studied throughout the cycle by using more complete simulations discussed above. But by taking maximum values stress and deformation the most critical aspect of cycle is seen. 
Within the simulation, the primary limitation was around fixed supports. To improve accuracy there would be no fixed supports, but to get results it was required for this application. Therefore stress/ deformation patterns around the piston pin boss are inaccurate. 
There is also a constant pressure applied to the piston crown that is not consistent with real life, there would be slight changes in pressure all over the crown as the combustion is not uniform. 







[bookmark: _Toc185168749]Results and Analysis 
[image: ]To improve piston design, 3 materials have been simulated on a standard piston followed by 2 developed designs. This section outlines the changes seen between different materials and designs. To minimise effects on deformation, the only changes made will be to the piston skirt and around the piston pin boss supports. Table 4- Specification of Different Runs

From an initial analysis of figure 42, it clearly shows the stresses on pistons with 2618-T6 experienced a significantly greater stress with 6061-T6 ranging from 361-361.55 Mpa, A390-T6 ranging from 355.72-361.11 Mpa, whereas 2618 ranges from 431.43-432.14 Mpa. This is the forged piston with a lower silicone content. 

Figure 42-Stress and Deformation for All Simulations

[bookmark: _Toc185168750][image: A silver piston with two holes

Description automatically generated]Baseline Figure 43-Baseline Piston Design

The baseline model is shown in figure 43. From the post processing images below in table 5, we can see the deformation on the piston crown of the 2618 run has a decreased deformation region around the valve reliefs. Although maximum deformation is greatest for 2618, in these regions, deformation is lower than that of 6061 and A390. 
The offset side view clearly shows how the introduction of fixed supports limits the accuracy of these simulations, the large region of blue around the piston pin boss is skewed and results from this area are not accurate.
General stress patterns between these materials do not significantly differ, all materials see stress concentrations around the oil groove and have areas of low stress around piston pin boss support and around skirts. The only noticeable difference in the irregular stress concentrations on the underside of the A390 piston.
Table 5-Post Processing of Baseline Run
	
	Offset Top View 
	Offset Side View 
	Bottom View

	6061 Deformation 
	[image: ]
	[image: ]
	[image: ]

	6061 Stress 
	[image: ]
	[image: ]
	[image: ]

	2618 Deformation
	[image: A colorful circular object with a grid
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	[image: A mesh of a multicolored object
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	2618 Stress
	[image: A colorful table with a round table

Description automatically generated with medium confidence]
	[image: A wireframe of a ring
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	A390 Deformation 
	[image: A colorful circular object with a blue background
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	[image: A multicolored mesh on a piece of metal
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	[image: A blue and green circular object with two blue objects
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	A390 Stress
	[image: A blue and yellow object with holes
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	[image: A multicolored object with holes
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	[image: A mesh of a circular object
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[bookmark: _Toc185168751][image: A grey metal object with four holes

Description automatically generated with medium confidence]Iteration 1 Figure 44-Iteration 1 Design

For the initial development, material has been taken away from the support region for the piston pin boss. The reduction of mass in this region has had no significant effect on stress or deformation, 2618 and A390 saw a slight decrease in deformation due to the reduction of mass reducing inertia and in turn deformation. Stress also had a small reduction on 6061 and 2618, with a slight increase for A390. 
The area that has benefited from this design change is the piston crown, seeing less deformation around the centre area shown in table 6. Stress concentration zones remain around the oil groove, but additional concentrations can now be seen for the underside of 6061 whereas A390 has seen reductions in concentrations in this zone. 
Table 6-Post Processing of Iteration 1 Simulations
	
	Offset Top View 
	Offset Side View 
	Bottom View

	6061 Deformation 
	[image: A multicolored circular object with a grid
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	[image: A multicolored object with a grid
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	[image: ]

	6061 Stress 
	[image: A blue and yellow object with a blue background
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	[image: A mesh of a yellow and blue object
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	2618 Deformation
	[image: A multicolored structure with a mesh
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	[image: A multicolored object with rings

Description automatically generated]
	[image: A blue and green circular object with two blue objects
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	2618 Stress
	[image: A blue and yellow meshed object

Description automatically generated with medium confidence]
	[image: A multicolored object with holes
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	[image: A mesh of a circular object
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	A390 Deformation 
	[image: A multicolored structure with a grid
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	[image: A mesh of a multicolored object
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	[image: A blue and green circular object with two blue objects
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	A390 Stress
	[image: A colorful circular object with a grid
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	[image: A multicolored object with holes
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[bookmark: _Toc185168752][image: A silver ring with three rings

Description automatically generated with medium confidence]Iteration 2 Figure 45-Iteration 2 Design

When developing this piston further, a larger cut has been applied to the piston pin boss supports, alongside a cut into the piston skirt. The post processing stress results still show there is minimal stress in the support regions, but the accuracy of this zone is questionable due to the addition of fixed supports. To justify making this change, more time will need to be taken to simulate the piston without the fixed supports in place. 
The only material to see reduced deflection is A390 when compared to the baseline, this is a result of the increased silicone content decreasing thermal expansion on the piston crown. Although deflection decreased, it was also the only material to have increased stress compared to the baseline, which can be accounted for by the decreased volume which can increase thermal stress and internal loads.

Table 7- Post Processing of Iteration 2 Simulations
	
	Offset Top View 
	Offset Side View 
	Bottom View

	6061 Deformation 
	[image: A multicolored table with a grid

Description automatically generated]
	[image: A rainbow colored object with two rings

Description automatically generated]
	[image: A green and blue circular object

Description automatically generated]

	6061 Stress 
	[image: A blue and yellow circular object

Description automatically generated]
	[image: A mesh of a colorful object

Description automatically generated with medium confidence]
	[image: A wireframe of a circular object
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	2618 Deformation
	[image: A colorful table with a mesh

Description automatically generated with medium confidence]
	[image: A multicolored object with two rings

Description automatically generated]
	[image: A blue and yellow circle with two blue bars
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	2618 Stress
	[image: A meshed structure of a round object

Description automatically generated with medium confidence]
	[image: A colorful object with holes
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	[image: A wireframe of a circular object
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	A390 Deformation 
	[image: A multicolored circular object with a grid
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	[image: A multicolored meshed object
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	[image: A wireframe of a circular object
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	A390 Stress
	[image: A colorful circular object with a grid
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	[image: A multicolored object with holes
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	[image: A yellow and green circular object
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[bookmark: _Toc185168753]Changing Fixed Supports 
This was investigated to study changes seen when changing fixed supports. Of the three, the fixed support on the lower half had the greatest deflection, this was used as it is the worst case of the three. Its also logical to make this the fixed support as the top half of the pin boss is the region that will experience most of the stress when the pressure is applied. 
Table 8-Post Processing of Changing Fixed Supports
	Upper Half Fixed (stress)
	[image: A colorful object with holes

Description automatically generated]
	[image: A colorful spiraled object with a grid

Description automatically generated with medium confidence]

	Upper Half Fixed (Deformation)
	[image: A rainbow colored object with holes

Description automatically generated]
	[image: A mesh of a multicolored object

Description automatically generated]

	Lower Half Fixed (stress)
	[image: A multicolored object with holes

Description automatically generated]
	[image: A colorful wireframe of a spiral

Description automatically generated with medium confidence]

	Lower Half Fixed (Deformation)
	[image: A multicolored object with a hole
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	[image: A blue and green geometrical object

Description automatically generated]

	Fully Fixed (Stress)
	[image: A colorful ring with a hole
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	[image: A screenshot of a computer generated image
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	Fully Fixed (Deformation)
	[image: A multicolored object with a hole
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	[image: A blue and black spiral
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[bookmark: _Toc185168754]4000RPM vs 7000RPM 
The differences between running simulations at 4000 and 7000 rpm are minimal, with maximum stresses both being 361.6 Mpa and change in deflection of 0.01972mm, with larger deflection at 7000RPM. The changes are insignificant due to the increased inertia and decreased pressure cancelling each other out. Increasing RPM will increase the inertia and in turn deflection and stress, but pressure at 7000rpm (4.71 Mpa) is almost ½ of the value at 4000rpm (6.77 Mpa). These values are derived from ford sigma pressure data created in another assignment. 
Table 9-Post Processing of 4000RPM vs 7000RPM
	
	Offset Top View 
	Offset Side View 
	Bottom View

	4000 RPM Stress
	[image: ]
	[image: ]
	[image: ]

	4000 RPM Deformation 
	[image: ]
	[image: ]
	[image: ]

	7000 RPM Stress
	[image: A multicolored object with holes
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	[image: A multicolored object with holes
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	[image: A wireframe of a circular object
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	7000 RPM Deformation 
	[image: A colorful circular object with a blue background
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	[image: A multicolored mesh on a blue background
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	[image: A green and blue circular object
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[bookmark: _Toc185168755]Conclusion 
FEA is a great tool to perform structural analysis on complex geometries to help develop designs and define material characteristics. It’s important not to consider the data drawn from FEA is not 100% accurate, the limitations discussed will cause disparity in results. Further development of simulation processes is possible, which moving forward will be investigated to see how accuracy can be improved, such as running transient thermal studies and elastic dynamics.
The use of topology optimisation is another process which can help with design development but has not been included in this report due to the focus bring on the understanding of the processes involved, the limitations, and validation that can be done to confirm accuracy of the processes.
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